Spinning small silicate grains were recently invoked to account for the Galactic foreground anomalous microwave emission. These grains, if present, will absorb starlight in the far ultraviolet (UV). There is also renewed interest in attributing the enigmatic 2175Å interstellar extinction bump to small silicates. To probe the role of silicon in the UV extinction, we explore the relations between the amount of silicon required to be locked up in silicates [Si/H] dust and the 2175Å bump or the far-UV extinction rise, based on an analysis of the extinction curves along 46 Galactic sightlines for which the gas-phase silicon abundance [Si/H] 
Introduction
Silicon, an abundant metal element in the Universe, is highly depleted from the gas phase in the diffuse interstellar medium (ISM; e.g., see Jenkins 1987 Jenkins , 2009 ) as revealed by the weak ultraviolet (UV) absorption lines of Si II, the dominant form of gas-phase silicon in the diffuse ISM (e.g., see van Steenberg & Shull 1988) . The silicon atoms missing from the gas phase are thought to have been locked up in solid silicate dust grains (e.g., see Draine 1990 ). Silicate dust is ubiquitously seen in a wide variety of astrophysical environments through the absorption or emission spectral features arising from the Si-O and O-Si-O vibrational modes occurring respectively at 9.7 and 18 µm (see Henning 2010) . In the diffuse ISM, these features are seen in absorption and their spectral profiles are smooth and lack fine structures, indicating a predominantly amorphous composition (Li & Draine 2001 , Kemper et al. 2004 , Li et al. 2007 ).
It has been well recognized that silicate grains are a major contributor to the interstellar extinction. Assuming all Si, Mg, and Fe elements of solar abundances (Asplund et al. 2009 ) are condensed in silicate dust with a stoichiometric composition of MgFeSiO 4 and a characteristic size of a ≈ 0.1 µm, one can estimate the contribution of silicate dust to A V , the extinction in the visual (V ) band from 
where N H is the hydrogen column density, N sil is the column density of silicate dust, ρ sil ≈3.5 g cm −3 is the mass density of silicate material, Q ext (V ) is the visual extinction efficiency of submicron-sized silicate dust which is taken to be Q ext (V ) ≈1.5 (see Li 2009) , [X/H] ⊙ is the solar abundance (relative to H) of element X ([Si/H] ⊙ ≈ 32.4 ± 2.2 ppm, [Mg/H] ⊙ ≈ 39.8 ± 3.7 ppm, and [Fe/H] ⊙ ≈ 31.6 ± 2.9 ppm, Asplund et al. 2009 ), µ X is the atomic weight of element X (µ X ≈ 16, 28, 24, 56 for O, Si, Mg, and Fe, respectively), and m H ≈ 1.66 × 10 −24 g is the mass of a hydrogen atom. Eq. 1 estimates that silicate dust accounts for ∼ 60% of the interstellar extinction for which (A V /N H ) obs ≈ 5.3 × 10 −22 mag cm 2 (Bohlin et al. 1978) . Admittedly, this estimation is somewhat simplified since it is unlikely for interstellar silicate dust to have a single size of a = 0.1 µm. Being highly processed in the ISM by supernovae shocks through sputtering and shattering (Draine 2003) , silicate dust is expected to have a range of sizes. Without knowing the silicate dust size distribution, Mishra & Li (2015) applied the Kramers-Kronig (KK) relation of Purcell (1969) to estimate that silicate dust contributes to ∼ 48% of the total wavelength-integrated interstellar extinction which is obtained by integrating the observed interstellar extinction over wavelength from the far-UV to the far infrared (IR). Indeed, all modern interstellar dust models assume amorphous silicate to be a major dust species (e.g., Mathis et al. 1977 , Draine & Lee 1984 , Duley et al. 1989 , Désert et al. 1990 , Siebenmorgen & Krügel 1992 , Mathis 1996 , Li & Greenberg 1997 , Weingartner & Draine 2001 , Li & Draine 2001a , Zubko et al. 2004 , Jones et al. 2013 .
In the Milky Way, the variation of the extinction A λ with wavelength λ, known as the extinction curve or the extinction law, is characterized by a nearly linear increase with λ −1 in the near-IR, visible and near-UV, a broad absorption bump at about λ −1 ≈ 4.6 µm −1
(λ ≈ 2175Å), and a steep rise into the far-UV at λ −1 ≈ 10 µm −1 , the shortest wavelength at which the dust extinction has been measured (see Li et al. 2015) . Although a consensus has been achieved that silicate dust is a major contributor of the interstellar extinction, it is not exactly clear to what degree silicate dust is responsible for the UV and far-UV extinction.
Very recently, Haris et al. (2016) determined the gas-phase abundance of silicon ([Si/H] gas ) for 131 Galactic sightlines using archival data. Assuming the interstellar abundance of silicon to be solar (i.e., [Si/H] ISM = [Si/H] ⊙ ), they derived the silicon depletion (i.e., [Si/H] dust = [Si/H] ISM − [Si/H] gas ) for each sightline. Haris et al. (2016) further examined the UV extinction curves of 16 sightlines (of these 131 sightlines) and explored the relation between the silicon depletion and the 2175Å extinction bump as well as the far-UV extinction rise. Although the derived Pearson correlation coefficients (R ≈ −0.42 for the silicon depletion and the 2175Å bump, and R ≈ −0.32 for the silicon depletion and the far-UV rise) are by no means substantial, they claimed that the silicon depletion positively "correlates" with the 2175Å bump and the far-UV extinction rise. They further argued that these "correlations" imply that silicon plays a significant role in both the 2175Å bump and the far-UV rise.
The 2175Å bump is the strongest spectroscopic extinction feature of the diffuse ISM (Draine 1989) . Its carrier remains unidentified over half a century after its first detection (Stecher 1965 ). Although it is commonly attributed to small aromatic carbonaceous materials like nano-sized graphitic grains (e.g., see Stecher & Donn 1965 , Draine & Malhotra 1993 , Mathis 1994 or polycyclic aromatic hydrocarbon (PAH) molecules (Joblin et al. 1992 , Li & Draine 2001a , Cecchi-Pestellini et al. 2008 , Steglich et al. 2010 , Mulas et al. 2013 , Bekki et al. 2015 , Duley (1985) and Steel & Duley (1987) ascribed the 2175Å bump to small silicates or (Mg, Si) oxides.
The 2175Å bump is an absorption feature with no scattered component, with the detection of scattering reported only in two reflection nebulae (Witt et al. 1986 ). While the strength and width of the 2175Å bump vary with environment, its peak wavelength is nearly invariant (see Draine 1989) . The nondetection of scattering and the stable peak wavelength imply that the carrier of the 2175Å bump is sufficiently small (i.e., nano-sized) to be in the Rayleigh limit (Mathis 1994) . If the 2175Å bump is indeed related to silicate grains as suggested by Duley (1985) , Steel & Duley (1987) and Haris et al. (2016) , there would exist a population of nano-sized silicate grains in the diffuse ISM.
The far-UV extinction is also predominantly absorptive. General results concerning scattering by small particles indicate that the far-UV extinction arises from nano-sized grains (see Draine 1995) , although the exact sizes of these grains can not be constrained by the far-UV extinction (see Wang et al. 2015) . Therefore, the correlation between the silicon depletion and the far-UV extinction rise derived by Haris et al. (2016) also implies the existence of an appreciable number of nano silicate grains in the diffuse ISM.
Very recently, nano silicate grains are of renewed interest. Hoang et al. (2016) and Hensley & Draine (2017a) argued that the so-called "anomalous microwave emission" (AME), an important Galactic foreground of the cosmic microwave background radiation in the ∼ 10-100 GHz region, could arise from spinning nano-sized silicate grains. However, silicate nanoparticles will undergo single-photon heating in the ISM and emit at the 9.7 µm Si-O feature. The nondetection of the 9.7 µm emission feature in the diffuse ISM allows one to place an upper limit on the number of nano-sized interstellar silicate grains (see Li & Draine 2001b) .
In light of these contradicting results or hypothesis (i.e., whether the 2175Å extinction bump is due to small silicate grains or small carbonaceous grains, and whether nano-sized silicate grains are abundant in the diffuse ISM), we are motivated to explore the role of silicate grains in the interstellar UV extinction, with special attention paid to the 2175Å extinction bump and the far-UV rise. To achieve this, we consider a larger sample of 46 sightlines for which both the UV extinction curves and the gas-phase [Si/H] gas abundances have been observationally determined (see §2). In contrast, Harris et al. (2016) Purcell (1969) which relates the wavelength-integrated extinction to the total dust volume (see §4). Alternatively, we will also derive [Si/H] dust by modeling the observed extinction curve of each sightline in terms of the silicate-graphite model (see §5) and then compare the derived [Si/H] dust with the observed UV extinction. Finally, the results are discussed in §6 and the major conclusions are summarized in §7.
The Sample
We compile from the literature all the Galactic sightlines for which both the UV extinction curves and the silicon gas-phase abundances [Si/H] gas have been observationally determined. Resultantly, we arrive at a sample of 46 sightlines (see Table 1 ) which is a subsample of the 131 sightlines of Haris et al. (2016) . For each sightline, we take the [Si/H] gas abundance from Haris et al. (2016) and the extinction parameters c ′ j (j = 1, 2, 3, 4), x o and γ (see below) from Jenniskens & Greenberg (1993) , Valencic et al. (2004) , Lewis et al. (2005) , and Gordon et al. (2009) .
Following Valencic et al. (2004) and Gordon et al. (2009) , we "construct" the UV extinction curve at 3.3 < λ −1 < 8.7 µm −1 of each sightline, as a function of x ≡ 1/λ (in µm −1 ), the inverse wavelength, from the following formula:
This analytical formula consists of (i) a linear background term described by c ′ 1 and c ′ 2 , (ii) a Drude-profile term for the 2175Å extinction bump (of peak x o and FWHM γ) approximated as
and (iii) a far-UV nonlinear-rise term at λ −1 > 5.9 µm −1 represented by
This parametrization, in which c ′ 3 and c ′ 4 respectively define the strength of the 2175Å extinction bump and the strength of the nonlinear far-UV rise, was originally introduced by Fitzpatrick & Massa (1990; hereafter FM90) for the interstellar reddening
where
is the B-band extinction, and
is the optical total-to-selective extinction ratio. The c j parameters of FM90 are related to that of Valencic et al. (2004) and Gordon et al. (2009) 
Finally, for each sightline we compute the optical/near-IR extinction at 0.
from the R V -based CCM parametrization (see Cardelli et al. 1989) . We then smoothly join the UV extinction at λ −1 > 3.3 µm −1 to the optical/near-IR extinction at λ −1 < 3.3 µm −1 . In Figures 1-5 we show the UV/optical/near-IR extinction curves of 39 sightlines constructed as above. The extinction curves of the other seven sightlines have already been constructed and modeled previously (see Mishra & Li 2015) .
Elements in the ISM exist in the form of gas or dust. The interstellar gas-phase abundances of elements can be measured from their optical and UV spectroscopic absorption lines. The elements "missing" from the gas phase are bound up in dust grains, known as "interstellar depletion". The dust-phase abundance of an element is derived by assuming a reference abundance and then from which subtracting off the gas-phase abundance.
Historically, the interstellar abundances of the dust-forming elements C, O, Mg, Si, Fe were commonly assumed to be solar. However, Lodders (2003) argued that the currently observed solar photospheric abundances (relative to H) must be lower than those of the proto-Sun because helium and other heavy elements may have settled toward the Sun's interior since the time of its formation ∼ 4.55 Gyr ago. Lodders (2003) further suggested that the protosolar abundances derived from the combined considerations of the present-day photospheric abundances and all the possible settling effects are more representative of the true interstellar abundances. On the other hand, it has also been argued that the interstellar abundances, because of their young ages, might be better represented by those of B stars and young F, G stars (e.g., see Snow & Witt 1995 , 1996 , Sofia & Meyer 2001 . Therefore, in the following we will consider two sets of reference abundances for the dust-forming element: Figure 6 , neither the 2175Å bump nor the far-UV rise correlates with the silicon depletion.
2 This is true for both sets of reference-abundances: the exact value of the interstellar silicon abundance is unimportant as long as we assume that it is the same for all directions. The correlation plots are identical for the two sets of reference-abundances except for a shift in ordinate.
Silicon Depletion Inferred from the Kramers-Kronig Relation
The approach discussed in §3 requires the knowledge of [Si/H] ISM and [Si/H] gas . We note that [Si/H] gas is often difficult to measure since silicon is often highly depleted and the Si II absorption lines are rather weak. In this section we take an alternative, carbon-based approach which makes use of the KK relation of Purcell (1969) Let [C/H] ISM be the total interstellar carbon abundance (relative to H), and [C/H] gas be the gas-phase carbon abundance of a given sightline. We derive the total volume (per H nucleon) of carbon dust for this sightline from
where ρ C is the mass density of the carbon dust (ρ C ≈ 2.24 g cm −3 for graphite). We can apply the KK relation of Purcell (1969) to gain insight into the amount of extinction resulting from such an amount of carbon dust; particularly, the wavelength-integrated extinction is directly related to the dust volume through
where (A λ /N H ) C is the extinction (per H column) caused by carbon dust, and F C is a dimensionless factor which depends only upon the grain shape and the static (zero-frequency) dielectric constant ε 0 of the grain material. For conducting, graphitic grains of moderately elongated shapes, Mishra & Li (2015) derived F C ≈ 1.25 (see their Figure 1 ).
Let (A λ /N H ) obs be the observed extinction (per H column) of a given sightline. If we assume that there are two major dust populations in the ISM -amorphous silicate and carbon dust, the extinction contributed by silicate dust, (A λ /N H ) sil , can be obtained from
To account for such an amount of extinction, one requires a total silicate dust volume of
where F sil , like F C , is a dimensionless factor. For moderately elongated silicate grains, F sil ≈ 0.7 (see Figure 1 in Mishra & Li 2015) . We then derive the silicon depletion from the silicate dust volume we do not need to know the exact dust properties (e.g., sizes, compositions) except for an assumed dust species we need to specify its mass density (ρ), molecular weight (µ) and whether the dust material is conducting (i.e., ε 0 → ∞) or dielectric (i.e., ε 0 is finite).
Observationally, for many of our sightlines considered in this work the extinction per H nucleon is only known over a limited range of wavelengths (e.g., 0.3 < λ −1 < 8.7 µm −1 ). We approximate
3 We first use eq. 2 to extrapolate the UV extinction at λ Weingartner & Draine (2001; WD01) for the R V = 3.1 diffuse ISM (see Figure 16 in Li & Draine 2001) . This is justified since the near-and mid-IR extinction at λ > 0.9 µm does not seem to vary much among different environments (see Wang et al. 2013 . In Table 1 we tabulate the wavelength-integrated extinction for each sightline.
For the interstellar carbon reference abundance, similar to silicon in §3, we also consider two sets of reference abundances: Lodders (2003) , and [C/H] ISM = [C/H] ⋆ ≈ 214 ± 20 ppm -the B-star abundance of Przybilla et al. (2008) . The gas-phase [C/H] gas abundance are not known for all sightlines. We estimate [C/H] gas from the hydrogen number density n H , using the four-parameter Boltzmann function originally proposed by Jenkins et al. (1986) and subsequently modified 3 The silicon depletion derived from Gordon et al. (2009) studied the extinction curves of 75 Galactic sightlines obtained with the Far Ultraviolet Spectroscopic Explorer (FUSE) at 905 < λ < 1187Å and the International Ultraviolet Explorer (IUE) at 1150 < λ < 3300Å. They found that the extrapolation of the UV extinction at 3.3 < λ −1 < 8.7 µm −1 obtained by IUE is generally consistent with the far-UV extinction at 8.
by Cartledge et al. (2004 Cartledge et al. ( , 2006 :
where [C/H] warm and [C/H] cold are respectively the carbon gas-phase abundance levels for low and high mean sightline densities, n 0 is a parameter with a dimension of hydrogen number density, and m is a dimensionless parameter. 5 As shown in Figure 7 , with [C/H] warm ≈ 480 ± 48 ppm, [C/H] cold ≈ 100.34 ± 14.63 ppm, log 10 (n 0 /cm −3 ) ≈ −0.919 ± −0.103, and m ≈ 0.33 ± 0.12, the Boltzmann-like function fits reasonably well the n H -[C/H] gas relation for those sightlines of which both n H and [C/H] gas are known. For those sightlines of which n H (but not [C/H] gas ) has been observationally determined, we estimate the gas-phase [C/H] gas abundance from the hydrogen number density n H and list in Table 2 .
With (A λ /N H ) obs constructed as above and [C/H] gas estimated from n H , we now use the KK relation of Purcell (1969) (i.e., the far-UV extinction rise). This is true no matter whichever is adopted as the interstellar reference abundance -the protosolar C/H abundance or the B-star C/H abundance. As already mentioned in §3, the exact value of the interstellar silicon abundance does not affect the correlation coefficient but causes a shift in ordinate.
So far, for the carbon dust species we are confined to graphite. However, this is actually unnecessary. After all, the KK approach does not really involve the optical properties and the size distribution of graphite. All we have used are the mass density of graphite (ρ gra ≈ 2.24 g cm −3 ) and the dimensionless factor F C . If we consider amorphous carbon instead of graphite, the same conclusion will be drawn except the available carbon dust volume will be increased by a factor of ρ gra /ρ ac , where ρ ac ≈ 1.8 g cm −3 is the mass density of amorphous carbon. As illustrated in Figure 1 of Mishra & Li (2015) , for moderately elongated grains, the dimensionless F C factor of amorphous carbon (F C ≈ 1.20) differs only by ∼ 5% from that of graphite (F C ≈ 1.25).
Silicon Depletion Inferred from Interstellar Extinction Modeling
The silicon depletion [Si/H] dust derived from the KK relation of Purcell (1969) in §4 is independent of any exact dust models except we just need to assume that the observed extinction is caused by silicate dust and carbon dust and specify the mass densities of the relevant dust materials and the static dielectric constant ε 0 which, together with the grain shape, determines the dimensionless factor F C or F sil .
We now derive the silicon depletion from fitting the observed extinction curve for each sightline. We consider the silicate-graphite interstellar grain model which consists of two separate dust components: amorphous silicate and graphite (Mathis et al. 1977 , Draine & Lee 1984 . We adopt an exponentially-cutoff power-law size distribution for both components:
) for the size range of 50Å < a < 2.5µm, where a is the spherical radius of the dust, dn i is the number density of dust of type i with radii in the interval [a, a + da], α i and a c,i are respectively the power index and exponential cutoff size for dust of type i, and B i is the constant related to the total amount of dust of type i. The total extinction per H column at wavelength λ is given by
where the summation is over the two grain types (i.e., silicate and graphite), N H is the hydrogen column density, and C ext,i (a, λ) is the extinction cross section of grain type i of size a at wavelength λ which can be calculated from Mie theory (Bohren & Huffman 1983) using the dielectric functions of "astronomical" silicate and graphite of Draine & Lee (1984) .
In fitting the extinction curve, for a given sightline, we have six parameters: the size distribution power indices α S and α C for silicate and graphite, respectively; the exponential cutoff sizes a c,S and a c,C , respectively; and B S and B C . We derive the silicon and carbon depletions from
where we assume a stoichiometric composition of MgFeSiO 4 for amorphous silicate.
For a given sightline, we seek the best fit to the extinction between 0.3 µm −1 and 8 µm
by varying the size distribution power indices α S and α C , and the upper cutoff size parameters a c,S and a c,C . Following WD01, we evaluate the extinction at 100 wavelengths λ i , equally spaced in ln λ. We use the Levenberg-Marquardt method (Press et al. 1992) to minimize χ 2 which gives the error in the extinction fit:
where A obs (λ i ) is the observed extinction at wavelength λ i , A mod (λ i ) is the extinction computed for the model at wavelength λ i (see eq. 13), and the σ i are weights. Following WD01, we take the weights σ
In Figures 1-5 we show the model fits for 39 sightlines. The other seven sightlines have already been modeled in Mishra & Li (2015) , in a similar manner. It can be seen from these figures that a simple mixture of silicate and graphite closely reproduces the observed UV/optical/near-IR extinction of all 46 sightlines. The model parameters are tabulated in Table 2 . In Figure 9 we explore the interrelations among the dust model parameters a c,C , α C , a c,S and α S . No correlations are found, implying that they are independent. The other two parameters B S and B C respectively measure the amounts of silicate dust and graphite dust (see eqs. 14, 15) required to account for the observed extinction. They are not correlated with each other or with a c,C , α C , a c,S and α S .
In Figure 10a we examine the correlation between the strength of the 2175Å extinction bump (c ′ 3 ) with the silicon depletion ([Si/H] dust ) derived from fitting the observed extinction (see eq. 14). With a Pearson correlation coefficient of R ≈ −0.03 and a Kendall τ ≈ −0.05 and p ≈ 0.61, it is clear that the silicon depletion does not correlate with the 2175Å bump. In contrast, the carbon depletion ([C/H] dust ) derived from fitting the observed extinction (see eq. 15) exhibits a positive correlation of R ≈ 0.77, τ ≈ 0.57 and p ≈ 2.84 × 10 −8 with the 2175Å bump (see Figure 10b ). This is not unexpected since the silicate-graphite model assigns the 2175Å bump to graphite. As illustrated in Figures 1-5 , the 2175Å bump arises exclusively from graphite.
We have also explored the relation between [Si/H] dust and the strength of the nonlinear far-UV extinction rise (c is not an accurate measure of the whole UV extinction but the far-UV nonlinear rise.
Discussion
In previous sections we have demonstrated that, using both dust model-independent and model-dependent approaches, the UV extinction (including the 2175Å bump and the far-UV nonlinear rise) of 46 sightlines of which R V ranges from ∼ 2.4 to ∼ 5.8 does not correlate with the silicon depletion. This is in stark contrast to Haris et al. (2016) who reported a positive correlation between the silicon depletion and the 2175Å bump and the far-UV rise. Haris et al. (2016) In §5 we have shown that, based on the silicate-graphite model, the carbon depletion is correlated with the 2175Å extinction bump, supporting the hypothesis of PAHs and/or small graphitic grains as the carrier of the 2175Å bump (e.g., see Stecher & Donn 1965 , Draine & Malhotra 1993 , Mathis 1994 , Joblin et al. 1992 , Li & Draine 2001a , Cecchi-Pestellini et al. 2008 , Steglich et al. 2010 , Mulas et al. 2013 , Bekki et al. 2015 . This is not surprising since this model-dependent approach, as a priori, attributes the 2175Å bump to graphite.
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To overcome this shortcoming, we could derive [C/H] dust by subtracting [C/H] gas (see §4 and eq. 12) from [C/H] ISM , with the interstellar reference abundance of carbon taken to be either protosolar (Lodders 2003) or that of B stars (Przybilla et al. 2008 ). This approach does not need a prior assignment of the 2175Å bump carrier. As illustrated in Figures 11a, with . This is true either the protosolar C/H abundance or the C/H abundance of B stars is adopted as the interstellar reference abundance. We note that in our previous work for a sample of 16 sightlines (see Mishra & Li 2015) , a better correlation was derived for [C/H] dust and c ′ 3 . We speculate that the correlation derived here is complicated by the fact that the gas-phase [C/H] gas abundance is not known for all the 46 sighlines considered here; instead, eq. 12 is used to estimate [C/H] gas for those sightlines for which [C/H] gas is not observationally determined. In contrast, for the 16 lines of sight considered in Mishra & Li (2015) , the gas-phase [C/H] gas abundance is known for every line of sight.
Alternatively, we can also derive the carbon depletion [C/H] dust required to account for the observed extinction from the KK relation of Purcell (1969) . Similar to the approach described in §4, by assuming an interstellar silicon reference abundance of [Si/H] ISM , for a given sightline of known [Si/H] gas we first derive the total volume (per H nucleon) of silicate dust from
where µ sil = 172 if we assume a stoichiometric composition of MgFeSiO 4 . By applying the KK relation of Purcell (1969) , we obtain the wavelength-integrated extinction of silicate origin from the silicate dust volume through
Again, if we assume amorphous silicate and carbon dust as two major dust populations in the ISM, we derive the extinction contributed by carbon dust from
We then apply the KK relation again to deduce the total volume of carbon dust required to account for the carbon-originated extinction
Finally, from the carbon dust volume we derive the carbon depletion to be
This approach does not require the knowledge of the unknown interstellar carbon reference abundance [C/H] ISM and the gas-phase carbon abundance [C/H] gas . The latter is also unknown for some sightlines and in previous sections, it was estimated from n H through eq. 12.
For each sightline, assuming the interstellar silicon reference abundance to be either protosolar ( . Again, this is true either the protosolar Si/H abundance or the Si/H abundance of B stars is adopted as the interstellar reference abundance. This supports the hypothesis of some sorts of carbonaceous grains (e.g., graphite or PAHs) as the possible carriers of the 2175Å bump, while the lack of correlation between the silicon depletion and the 2175Å bump (see §3, §4, and §5) argues against small silicates or (Mg, Si) oxides as its carrier (Duley 1985 , Steel & Duley 1987 , Parvathi et al. 2012 , Haris et al. 2016 ).
We also show in Figure 11b and Figure 12b (see §3, §4, and §5), suggests that neither small silicate grains nor small carbon grains alone account for the far-UV extinction rise, instead, it must be their combined effects. Indeed, as illustrated in Figure 3 of Xiang et al. (2017) , the silicate-graphite-PAH model of WD01 requires both silicate grains of sizes a 250Å and graphitics grains or PAHs of a 250Å to appreciably contribute to the far-UV extinction. Moreover, the nondetection of correlation between the 2175Å bump and the far-UV rise (see Greenberg & Chlewicki 1983 , Rouleau et al. 1997 , Xiang et al. 2017 ) also implies that the bump carriers are not a dominant contributor of the far-UV extinction. Finally, we note that, while the FM parametrization provides an excellent mathematical description of the UV extinction at λ −1 > 3.3 µm −1 , the distinction between the linear rise (measured by c ′ 1 and c ′ 2 ) and the nonlinear far-UV rise (measured by c ′ 4 ) probably has little physical significance since there is no substance known that shows the corresponding extinction of any of them. We suggest that the decomposition scheme originally proposed by Greenberg (1973) and very recently revisited by Xiang et al. (2017) may be a better characterization of the far-UV extinction. According to this decomposition scheme, any observed interstellar extinction curve can be decomposed into three parts: (i) a near-IR/visible component which flattens off in the UV and far-UV, (ii) a bump at 2175Å, and (iii) a far-UV component. It would be interesting to explore the relations of the carbon and silicon depletions with these decomposed extinction components.
To summarize, we have demonstrated the refutation of Haris et al. (2016) by expanding our earlier study (Mishra & Li 2015) to provide a better understanding of the extinction curve and show that the 2175Å extinction does not correlate with the silicon depletion. We should stress that, although this study supports the hypothesis of graphite or PAHs as the possible carriers of the 2175Å bump, it has not yet necessarily approved this hypothesis. Neither the carrier of the bump nor those of the far-UV rise are yet assigned. The attribution of the far-UV extinction to a mixture of small carbon grains and small silicates also remains hypothetical. The 2175Å bump could well be caused by a separate population of grains other than graphite or PAHs, e.g., carbon buckyonions (Chhowalla et al. 2003 , Iglesias-Groth et al. 2003 , Ruiz et al. 2005 , Li et al. 2008 ). The far-UV extinction could also be partly contributed by iron nanoparticles (e.g., see Hensley & Draine 2017b) . Also, the division of the UV extinction curve into a three-component scheme is by no means physical. V much more weakly (if at all). This could be related to the use of A V for normalizing the extinction. As illustrated in Figure 2 of Cardelli et al. (1989) , if normalized to the I-band extinction at λ ≈ 0.90 µm, the extinction, expressed as A λ /A I , shows a clear relation with R −1 V for all wavelengths at λ < 0.90 µm.
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The correlation between R −1 V and the extinction at any wavelength from the optical to the far-UV suggests the existence of a common process that simultaneously modifies all parts of the extinction curve (see §4 in Cardelli et al. 1989) . As the extinction at a particular wavelength λ is dominated by grains of a particular size a ∼ λ/2π (see Li 2009), the fact that A λ /A V correlates with R −1 V at all wavelengths implies that the process which produces changes in extinction must operate effectively and rather continuously over most of the range of grain sizes (except the largest sizes since the near-and mid-IR extinction seems to show little dependence with environments; see , Xue et al. 2016 . To examine this, we explore how the mean grain sizes derived in §5 from fitting the observed extinction curves vary with R −1 V . 7 The extinction law at λ 0.90 µm appears to vary very little with environments (e.g., see Martin & Whittet 1990 , Wang et al. 2013 ).
Let a sil and a gra respectively be the mean sizes of the silicate and graphite grains. For a given weighting factor ω(a), we derive a sil and a gra from the size distribution parameters determined in §5 as follows:
We shall consider three kinds of weighting factors: ω(a) = a 2 (i.e., weighted by grain surface area), ω(a) = a 3 (i.e., weighted by grain mass or volume), and ω(a) = C ext (a, λ) (i.e., weighted by extinction cross section at wavelength λ). We define the overall mean grain size as the average of a sil and a gra , weighted by the mass fraction of each dust component:
where the silicon ([Si/H] dust ) and carbon depletions ([C/H] dust ) are determined in §5 from modeling the observed extinction curves (see eqs. 14, 15 and Table 2 ).
In Figure 14 we show the area-and mass-weighted mean grain sizes ( a ) as a function of R −1 V . One can see that the mean sizes clearly anti-correlate with R −1 V (i.e., in denser regions of larger R V values, on an average, the grains are larger). As illustrated in Figure 15 , the anti-correlation between a and R −1 V is also seen for the C ext (a, λ)-weighted mean grain sizes, with C ext (a, λ) calculated at various wavelengths from the optical to the far-UV. This demonstrates that whatever processes modify the dust size distribution in one regime and the extinction at one wavelength must act in a rather systematic fashion over the entire size distribution and the extinction over the entire wavelength range from the optical to the far-UV. However, it is not clear what processes play a dominant role in regulating the extinction curve and the dust sizes (see Cardelli et al. 1989 ).
Conclusion
We have studied the extinction and dust depletion in 46 Galactic sightlines of which R V ranges from ∼ 2.4 to ∼ 5.8 in order to probe the role of silicon in the UV extinction, particularly the 2175Å extinction bump. These sightlines, with their UV/optical/near-IR extinction, gas-phase silicon abundances, and hydrogen column densities observationally determined, allow us to quantitatively explore the relations between the silicon depletion and the UV extinction. Our principal results are as follows: 5. We conclude that some sorts of carbonaceous grains (e.g., graphite or PAHs) are the most plausible carrier of the 2175Å bump, and silicates or (Mg, Si) oxides are unlikely responsible for the bump. Neither small silicate grains nor small carbon grains alone account for the the far-UV extinction rise, instead, it must be their combined effects.
6. We have shown that the extinction at any wavelength from the optical to the far-UV correlates with R −1 V , consistent with the earlier findings of Cardelli et al. (1989) . We have also found that the area-, mass-, or extinction-weighted mean grain size averaged over silicate dust and graphite dust anti-correlates with R −1 V . This demonstrates that in the ISM the processes which modify the extinction at one wavelength and the grain size in one regime must also modify the extinction over the entire wavelength range and the grain size over the entire size range, although the exact processes remain unknown.
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